
TECHNICAL MEMORANDUM 
X-581 

i 
I 

THE SUBSONIC AERODYNAMIC CHAFACTERISTICS O F  SOME 

BLUNT DELTA CONFIGURATIONS WITH 75’ SWEEPBACK 

By George G. Edwards and Howard F. Savage 

Ames Research Center 
Moffett Field, Calif. 

CLASSIFIED DCCUMENT - TITLE UNCLASSIFIED 

Thls material contrln8 information affecting the national defense of the United Stlcaa r lLIn  the meanhq 
of the esplonrge laas. Tltle 18, U.S.C., Secs. 793 and 794, the tramm16alon or remlltlm of rhlch In any 
manner to an u~utborlzed person i s  prohibited by law. 



CONFIDENTIAL 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM X-581 

THE SUBSONIC AERODYNAMIC CHARACTERISTICS OF SOME 
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SUMMARY 

A wind-tunnel invest igat ion has been conducted a t  subsonic speeds t o  
study the  e f f ec t s  on performance and s t a b i l i t y  o f  modifications t o  a d e l t a  
plan-form wing with 7 5 O  sweepback. Six-component force and moment data ,  
together with base pressure, are presented fo r  a number of d e l t a  wings a l l  
having the same plan form but with a var ie ty  o f  thickness d is t r ibu t ions ,  
leading-edge shapes, and base areas.  Also investigated were the  e f f e c t s  
o f  a small and a la rge  fuselage, fuselage boat ta i l ing,  tip-mounted v e r t i c a l  
surfaces,  and elevon controls.  
numbers from 2.2 mill ion t o  22 mil l ion a t  a constant Mach number o f  0.25 
and the  e f f ec t s  o f  var ia t ion  of Mach number from 0.25 t o  0 . p  a t  a constant 
Reynolds number of 2.2 mil l ion a re  included f o r  selected Configurations. 

The e f fec ts  o f  var ia t ion  of Reynolds 

INTRODUCTION 

One c l a s s  o f  atmosphere en t ry  vehicles po ten t i a l ly  capable of more 

To ease the  heating problem and t o  provide adequate in t e rna l  
o r  less conventional landing i s  characterized by highly swept d e l t a  plan 
forms. 
volume, the  designer i s  of ten l e d  t o  consider r e l a t i v e l y  th ick  wings with 
blunt  leading edges and la rge  fuselages. Questions arise as t o  how these 
departures from more conventional supersonic a i r c r a f t  may a f f e c t  the per- 
formance and s t a b i l i t y  a t  subsonic speeds. To provide some answers t o  
these quest ions,-a  number of  highly swept de l ta  plan-form models were 
investigated i n  the Ames 12-Foot Pressure Wind Tunnel. 
gated ranged from essen t i a l ly  a f la t -p la te  wing t o  complete configurations 
with la rge  leading-edge r a d i i  and la rge  internal  volume. The model shapes 
were selected t o  provide information on aerodynamic e f f ec t s  resu l t ing  from 
changes i n  leading-edge shape, longi tudinal  sect ion p ro f i l e ,  and base area,  
and the e f f e c t s  o f  adding a fuselage, ve r t i ca l  surfaces,  and elevon 
controls .  

Shapes invest i -  

*Tit le ,  Unclassified 
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Six-component force and moment data, together with base pressures,  
were obtained f o r  a range of angles of a t t ack  and s ides l ip .  
t e s t s  were performed a t  a Mach number of 0.25, although i n  a few instances,  
t e s t s  were extended t o  a Mach number of  0.90. The e f f ec t s  of varying 
Reynolds number f rom 2.2 mill ion t o  22 mil l ion a t  a Mach number of 0.25 
were studied f o r  selected configurations as were the  e f f ec t s  o f  leading- 
edge roughness. 

Most of the  

The results a re  summarized herein without analysis.  

NOTATION 

The r e s u l t s  a re  referred t o  the  body axes except fo r  the l i f t  and 
drag coef f ic ien ts  which a re  re fer red  t o  the  s t a b i l i t y  axes. The moment 
center w a s  located on the  longi tudinal  axis a t  46.7 percent of t he  root 
chord o f  the  blunt-nosed plan form (see f i g s .  1 through 5 ) .  The coeffi-  
c ients  and symbols a re  defined as follows: 

a minor axis of base e l l i p s e  

b span or major axis of  base e l l i p s e  

C root chord of blunt-nosed 

CD 
drag drag coeff ic ient ,  - 

qs 

cP C base drag coef f ic ien t ,  
Dbase 

measurement with s ingle  
balance cavi ty  adjacent 

cL 

Cl 

Ca 

plan form 

- %I cos a (cP obtained from pressure 
S 
pressure tube a t  the  r ea r  of  the  
t o  the  s t ing)  

111 L l i f t  coef f ic ien t ,  - 
G 

ro l l i ng  moment 
qsb 

rolling-moment coeff ic ient ,  

pi tching moment 
qsc 

pitching-moment coef f ic ien t ,  

wing moment 
qsb 

yawing-moment coef f ic ien t ,  

Pb-P 
base-pressure coef f ic ien t ,  - 

q 

s ide force 
qs side-force coeff ic ient ,  
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leading edge 

l i f t -d rag  r a t i o  

free-stream Mach number 

free-stream s t a t i c  pressure 

s t a t i c  pressure a t  the  base o f  models 

free-stream dynamic pressure 

Reynolds number based on c and free-stream conditions 

plan-form area (not including area of elevons) 

base area 

orthogonal coordinates with or igin a t  the  nose of the model 

angle of a t t a c k ,  referenced t o  the longi tudinal  ax i s  of the 
wing, deg 

angle of s ides l ip ,  deg 

def lect ion of horizontal  control  surface (see f ig .  5 ( a ) ) ,  deg 

angle of the  v e r t i c a l  surfaces t o  a plane through the leading 
edges (see f ig .  5(a)) ,  deg 

3 

MODELS 

The geometric propert ies  of the models are given i n  the  sketches and 
photographs of f igures  1 through 5 and i n  table  1. The f l a t -p l a t e  models, 
re fe r red  t o  herein as models 1 and 2 ( f ig .  l), were fabricated of aluminum 
and incorporated a s t e e l  housing f o r  the strain-gage balance. Models 3, 
4, 5, and 6 ( f igs .  2 through 5 )  were constructed of wood f i t t e d  around a 
s t e e l  sleeve which housed the  balance. 
lacquer and hand rubbed with No. 400 sandpaper t o  a smooth f in i sh .  

The models were painted with 

The models were mounted i n  the t e s t  section of the  wind tunnel on a 
sting-type support with a 2.50-inch diameter, six-component strain-gage 
balance fo r  measuring forces and moments. For most. of the  t e s t s ,  t h e  
base pressure w a s  measured with a s ingle  tube at the  rear of t he  balance 
cavi ty  adjacent t o  the s t ing.  Model 3 had addi t ional  s ta t ic-pressure 
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or i f i ce s  d i s t r ibu ted  over the base t o  obtain an average base pressure f o r  
comparison with the pressure measured with the s ing le  tube a t  the  s t ing .  

A l l  models except model 1 had the same bas ic  plan form with 75’ 
sweepback and a parabolic nose which w a s  tangent t o  the  s t r a i g h t  leading 
edges a t  one-third of the  length. The aspect r a t i o  w a s  1.17 except when 
elevons o r  v e r t i c a l  surfaces were added. The plan form of mode l1  d i f fe red  
only i n  t h a t  the nose w a s  pointed, resu l t ing  i n  an aspect r a t i o  of 1.07. 
Additional information on the  models is  contained i n  the following para- 
graphs. 

Models 1 and 2 

Models 1 and 2 were f l a t -p l a t e  models d i f f e r ing  only i n  plan form 
as mentioned above and as shown i n  f igure  1. 
types of leading and t r a i l i n g  edges. 
ing edges of the  l/2-inch p l a t e  were beveled ( f i g .  1) and i n  the  other,  
the  leading edge was round and the t r a i l i n g  edge w a s  b lunt .  
w a s  housed i n  a minimum s i z e ,  f a i r e d  enclosure on the  top surface ( f i g .  1). 

Each w a s  provided with two 
In  one case, the leading and t r a i l -  

The balance 

Models 3A and 3B 

The proportions of model 3A were iden t i ca l  t o  those of model 3 of 
reference 1. A l l  sect ions perpendicular t o  the  longi tudinal  center  l i n e  
of model 3 were e l l i p s e s  with a r a t i o  of major axis t o  minor a x i s  of 3. 
The model w a s  bas i ca l ly  an e l l i p t i c  cone but with parabolic nose sect ions 
i n  plan and s ide views. As  shown i n  f igure  2, the  parabolas were tangent 
t o  the s t ra ight - l ine  port ions of t he  leading edge a t  one-third the length 
of the model. 

Model 3B w a s  a modification of model 3A obtained by removing the  top 
pa r t  of the model t o  leave a f la t  surface 1.50 inches above and p a r a l l e l  
t o  the center l i n e  (see f ig .  2 ) .  

Models 4A, 4B, k!, and 4 D  

Model 4A d i f fe red  from model 3A i n  t h a t  t he  nose had much l a r g e r  
e f fec t ive  leading-edge r a d i i  although it had the same 3 t o  1 e l l i p t i c a l  
base. 
nose with s t ra ight - l ine  f a i r ing  a f t  t o  the  base.  
dicular  t o  the longi tudinal  center  l i n e  were e l l i p s e s  with the  minor axis 
determined by the center-l ine prof i le .  

A s  shown i n  f igure  3, t he  center-l ine p r o f i l e  had an e l l i p t i c a l  
fil sect ions perpen- 
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Models 4B, k ,  and 4D were modifications of model 4A i n  which the  
minor axis of the base e l l i p s e  w a s  successively reduced but the  nose w a s  
not changed (see f i g .  3 ) .  The r a t i o s  of major ax is  t o  minor axis of  the 
bases f o r  models 4B, k ,  and 4D were 4, 5 ,  and 6, respectively,  and the  
base areas a r e  given i n  t ab le  11. 

Model 5 

A s  i l l u s t r a t e d  i n  f igure  4(a), the  center-line p r o f i l e  w a s  a modified 
NACA four-digit  a i r f o i l  of about 17-percent thickness r a t i o  with a blunt 
t r a i l i n g  edge. 
the  major axes being specified by the  plan form and the  minor axes by the  
coordinates of the  center-l ine p r o f i l e .  
with a rea  equal t o  15.3 percent of t he  plan-form area. 
normal t o  the  plane of symmetry were e l l ipses ,  the surfaces o f  the basic  
model were ana ly t ic  and f r e e  of d i scont inui t ies .  This wing w a s  t e s t ed  
alone and with e i t h e r  of t w o  s izes  of fuselage mounted on t h e  top surface 
( f i g .  4) . 
t he  plan-form area and the  small fuselage increased it t o  16.3 percent.  

A l l  sect ions normal t o  the  plane o f  symmetry were e l l i p ses ,  

The base w a s  an e l l i p s e  (b/a = 6) 
Since a l l  sections 

The la rge  fuselage increased the base a rea  t o  19.7 percent of  

Model 6 

The wing of model 6 w a s  a modification o f  model 5 (cf . f i g s .  4 and 5 )  
t o  reduce the  base area,  i n  which material was removed from the  r ea r  half  
of the upper surface, with no change i n  the  lower surface o r  the forward 
pa r t  of the  upper surface.  
a t  la teral  s t a t ions  from e i t h e r  o f  the  two fuselages t o  0.8 of the  semi- 
span. 
leading edge of model 5 w a s  l e s s  than 0.8 inch, the  radius f o r  the  modified 
model (model 6) w a s  increased t o  a constant value of about 0.8 inch. 
w a s  done i n  consideration of the  leading-edge heating problem on re-entry 
vehicles .  
s t a t ions  behind the symmetrical nose a re  given i n  t a b l e  111. 

The modification produced f a i r  a i r f o i l  sections 

Along t h e  leading edge near the  t i p  where the  radius normal t o  t he  

This 

The upper surface coordinates of model 6 a t  several  longi tudinal  

Model 6 c o d a  not he t e s t ed  without a fuseiage since the  strain-gage 
balance w a s  covered by the fuselage. 
were adapted t o  model 6 by extending them toward t he  horizontal  piane t o  
meet t he  re-countoured upper surface.  A t  one point  i n  the  invest igat ion,  
an a rc  with a 30-inch radius w a s  used t o  boa t t a i l  the  la rge  fuselage so  
t h a t  the base ere” of t h e  fuselage w a s  reduced t o  t h a t  of the small fuse- 
lage (see f i g .  5 ( a ) ) .  With e i the r  the small fuselage or the  boa t ta i led  
la rge  fuselage,  model 6 had a base area of 9.9 percent of the  plan-form 
area,  and with the  la rge  un’boattailed fuselage the  base area T J Z S  14 

The fuselages used with model 5 

n’3vc.n-+ r”* L L l L  b . 
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Elevon control surfaces were attached t o  the t r a i l i n g  edge and had 
a t o t a l  area equal t o  5.6 percent of t he  plan-form area exclusive o f  
control surfaces. The control  surfaces were s e t  a t  angles 
- 8 O ,  and - 1 8 O  (see f i g .  5 (a ) ) .  ' The t i p s  of the  wing of model 6 were 
clipped s l i g h t l y  t o  accommodate t h e  v e r t i c a l  surfaces as shown i n  f igures  
5(a) and 5 ( c ) .  
t o  the chord plane (6, = 90") o r  canted outward 20' (6, = 110'). 
surfaces had a t o t a l  area of 22.7 percent of the clipped plan-form area. 

S, = +5O, 

The v e r t i c a l  surfaces could be in s t a l l ed  e i t h e r  normal 
These 

TESTS 

A t  a Mach number of 0.25 and a Reynolds number of 4.4 mill ion,  based 
on c ,  six-component force and moment measurements were made f o r  all models 
through a range of  angles of a t t ack  with zero s ides l ip .  Measurements were 
a l s o  made through a range of  angles of a t t ack  a t  a near ly  constant angle 
of s ides l ip  of  go and through a range of angles of s ides l ip  a t  a near ly  
constant angle of a t t ack  of 90. 
longitudinal charac te r i s t ics  of models 2, 3, 4A, 5, and 6 were invest i -  
gated at Reynolds numbers up t o  22 mil l ion with a constant Mach number of 
0.25. For the  same group of models, the  e f f ec t s  of Mach number t o  a 
maximumMach number of 0.90 were obtained through a range of angles of  
a t tack a t  zero s ides l ip .  The e f f e c t s  of roughness i n  the  form of No. 100 
carborundum g r i t  on the  leading edges of models 3, 4A, and 6 were studied 
a t  Mach number 0.25. 

The e f f e c t s  of Reynolds number on the  

CORRECTIONS TO DATA 

The measured angles o f  a t t ack  and of s i d e s l i p  have been corrected for 
s t a t i c  def lect ion of the  balance and s t ing .  The induced e f f e c t s  of  the  
tunnel w a l l s  resul t ing f r o m l i f t  on the model were calculated by the method 
of reference 2 and since the  influence on angle of a t t ack  and drag coeffi-  
cient was small, no corrections were applied.  

The constr ic t ion e f fec ts  due t o  the  tunnel w a l l s  were calculated by 

The magnitude of  these corrections f o r  a con- 
the method of reference 3 and corrections were applied t o  the  Mach number 
and the  dynamic pressure.  
f igurat ion involving the l a rges t  corrections is  i l l u s t r a t e d  by the follow- 
ing table:  

Corrected Mach Uncorrected Mach guncorrected 
number number qcorrected 

0.250 0.249 0 -998 

.600 -598 - 995 

-900 .881 978 
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The chord force used t o  compute CD and CL w a s  t h a t  measured by 
the  strain-gage balance and thus includes the e f f ec t s  of base pressure 
and s t ing  interference.  

PX3SENTATION OF DATA 

The r e s u l t s  of t h i s  invest igat ion are presented i n  f igures  6 through 
38, grouped as follows according t o  the  type of model configuration under 
study: 

Flat-plate  models (Models 1 and 2) Figures 6 through 10 

A blunt e l l i p t i c a l  cone and one modification 
(Models 3 and 3B) Figures 11 through 13 

Thick d e l t a  wings 
(Models 4A, 4B, k ,  and 4D) Figures 16 through 23 

Thick d e l t a  re-entry configurations 
(Models 5 and 6) Figures 24 through 38 

In general, each group of f igures  contains, i n  addi t ion t o  the  basic  
forces and moments, some information on the e f f ec t s  of Reynolds number, 
Mach number, and surface roughness. Lift-drag r a t i o s  of models i n  the  
f i r s t  three groups a re  compared i n  f igure  22. 
and base drag coeff ic ient ,  (C%ase)GO, fo r  these models are correlated 
as functions of base-area r a t i o ,  &/S, i n  figure 23. Note t h a t  with the  
exception of  one of the f l a t -p l a t e  models and of the  re-entry configuration 
with tip-mounted v e r t i c a l  surfaces,  all models had the  same plan form. 

Measured values of (L/D)mx 

The l a t e r a l  and d i rec t iona l  charac te r i s t ics  a re  presented both as 
functions of angle of a t t ack  and angle o f  s ides l ip .  
presented as functions of angle o f  a t t ack  are divided by 
angle of s ides l ip  could not be held constant but varied f rom about 8.2 

The coef f ic ien ts  
P since theo 

t o  9 O .  

SUMMARY OF RESULTS 

A t  low speeds, the  d e l t a  plan-form wings without fuselage o r  v e r t i c a l  
surfaces prcsric?ed essent ia l ly  l i n e a r  lift and pitching-moment character-  
i s t i c s  with a var ie ty  of thickness d is t r ibu t ions ,  leading-edge shapes, 
and base areas  ( f i g s .  6 through 21) .  
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The wing thickness changes had only small e f f e c t s  on the  pitching- 
moment charac te r i s t ics .  However, t he  thickened wings had a considerably 
lower l i f t -curve slope and higher drag due t o  l i f t  than did the  f l a t -p l a t e  
wings ( f ig s .  6, 7, ll, 16, and 18). The base drag, and as a r e s u l t ,  t he  
t o t a l  drag, decreased almost l i n e a r l y  with base area and the  base area 
w a s  the  primary f ac to r  a f fec t ing  the  maximum l i f t -d rag  r a t i o  ( f i g .  23) .  
A de l t a  wing having a symmetrical NACA four-digit  center-l ine p r o f i l e  
with blunt  base w a s  modified by removal of mater ia l  from the  top surface 
well a f t  of the  leading edge ( c f .  f i g s .  4 and 5). 
not change the  aerodynamic heating charac te r i s t ics  of t he  bottom surface 
nor of the leading edges. The resu l t ing  reduction i n  base area and caniber 
e f fec t  produced s igni f icant  increases i n  l i f t -d rag  r a t i o .  However, camber 
e f fec ts  provided somewhat more negative pi tching moment a t  zero l i f t  
( f ig s .  24 and 25) . 

The modification would 

Clipping the  wing t i p s  and adding v e r t i c a l  surfaces improved the 
Tilt-out of  the v e r t i c a l  l i f t -drag r a t i o  ( f i g s .  24, 25, 27, and 2 8 ) .  

surfaces produced s i m i l a r  e f f ec t s  ( f i g s .  27 and 28) .  

A comparison of t w o  configurations with la rge  and small fuselages 
showed t h a t  by boa t ta i l ing  the la rge  fuselage s o  t h a t  i t s  base area 
equalled t h a t  of  the  small fuselage, the l i f t -d rag  r a t i o s  of the two 
configurations could be made comparable (cf . f i g s .  24 and 25) . 
problem with fuselage boa t ta i l ing  in  the  manner applied is  the rearward 
s h i f t  in  the center of pressure which produces a more negative pi tching 
moment a t  zero l i f t  ( f i g .  30). 

A 

A re-entry configuration consisting o f  a th i ck  d e l t a  wing with 
modified upper surface, a fuselage, v e r t i c a l  surfaces,  and elevons could 
be trimmed a t  low speeds with a l i f t -d rag  r a t i o  of 5 a t  a l i f t  coef f ic ien t  
of 0.3 ( f i g .  29). 
of the  center-line length with the  center of grav i ty  a t  0.467 of the  
length. 

The s t a t i c  longi tudinal  s t a b i l i t y  margin w a s  6 percent 

The r e s u l t s  f o r  the  complete configuration showed a near ly  l i n e a r  
var ia t ion o f  pitching moment with l i f t  t o  a t  l e a s t  a l i f t  coef f ic ien t  o f  
0.4 (angle of a t tack  of 10' t o  12') a t  Mach numbers t o  0.90. However, a 
sudden forward s h i f t  i n  center of pressure occurred a t  some higher l i f t  
coefficient a t  Mach numbers of 0.80 and above ( f i g .  32).  

The d i rec t iona l  s t a b i l i t y  w a s  maintained a t  a high l e v e l  with the 
ve r t i ca l  f i n s  f o r  angles of a t t ack  up t o  the  maximum t e s t ed  (24.). The 
dihedral e f fec t  w a s  l a rge  and increased with increasing angle of a t t ack  
up t o  an angle of a t tack  of about 1 4 O  ( f i g .  38). 

Ames Research Center 
National Aeronautics and Space Administration 

Moffet t  Field, Ca l i f . ,  Aug. 8, 1961 
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‘Sweepback of leading edge. deg . . . . . . . . . . . . . . . . . .  7.5.0 
Aspect r a t i o  

Model 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.07 
Models 2. 3. 4. 5. and 6 (without elevons or v e r t i c a l  

surfaces) . . . . . . . . . . . . . . . . . . . . . . . . . .  1.17 
Model 6 (with v e r t i c a l  surfaces. without elevons) . . . . . . .  0.86 

Span. f t  
A l l  models except model 6 with v e r t i c a l  surfaces . . . . . . . .  1.87 
Model 6 with v e r t i c a l  surfaces . . . . . . . . . . . . . . . . . .  1.58 

Model 1. sharp leading edge . . . . . . . . . . . . . . . . . .  3.50 
Model 1. round leading edge . . . . . . . . . . . . . . . . . .  3.44 

Length. f t  

Models 2. 3. 4. 3 .  and 6 (without elevons) . . . . . . . . . . .  2.62 

Base area. sq f t  
Models 1 and 2 (sharp t r a i l i n g  edge. balance housing only) . . 0.091 
Models 1 and 2 (blunt t r a i l i n g  edge) . . . . . . . . . . . . .  0.134 
Model 3.A . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.918 
Model 3B . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.689 
Model 4A . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.918 
Model 4B . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.689 
Model k! . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.551 
Model 4D . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.459 
Model 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.459 
Model 5 with small fuselage . . . . . . . . . . . . . . . . . .  0.502 
Model 5 with la rge  fuselage . . . . . . . . . . . . . . . . . .  0.590 
Model 6 with small fuselage. no elevons o r  v e r t i c a l  surfaces . 0.296 
Model 6 with la rge  fuselage. no elevons or v e r t i c a l  surfaces . 0.421 
Model 6 with la rge  fuselage boat ta i led.  no elevons o r  

Model 6 with s d l  fuselage and elevons . . . . . . . . . . . .  0.233 
Model 6 with s m a l l  fuselage and v e r t i c a l  surfaces but  

Model 6 with small fuselage. v e r t i c a l  surfaces. and elevons . . 0.235 

v e r t i c a l  surfaces . . . . . . . . . . . . . . . . . . . . . .  0.296 

no elevons . . . . . . . . . . . . . . . . . . . . . . . . .  0.276 
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TABLE 11.- RATIO OF BASE AREA TO PLAN-FORM AREA OF TE3 MODELS 

Model 1, sharp leading and t r a i l i n g  edges. . . . . . . . . 0.028 
Model 1, round leading edge, blunt  t r a i l i n g  edge . . . . . . 0.041 
Model 2, sharp leading and t r a i l i n g  edges. . . . . . . . . . 0.030 
Model 2, round leading edge, blunt  t r a i l i n g  edge . . . . . . 0.045 
Model 3A . . . . . . . . . . . . . . . . . . . . . . . . . . 0.306 
Model 3B . . . . . . . + . . . . . . . . . . . . . . . . . . 0.230 
Model 4A . . . . . . . . . . + . . . . . . . . . . . . . . 0.306 
Model 4B . . . . . . . . . . . . . . e . . . . . . . . . . . 0.230 
Model k! . . . . . . . . . . . . . . . . . . . . . . . . . . 0.184 
Model 4 D  . . . . . . . . . . . . . . . . . . . . . . . . . .0.153 
Model 5 .  . . - . . . . . . . . . . e . . . . . . . . . . . . 0.153 
Model 5 with small fuselage.  . . . . . . . . . . . . . . . . 0.167 
Model 5 with la rge  fuselage.  . . . . . . . . . . . . . + . . 0.197 
Model 6 with small fuselage, no elevons o r  v e r t i c a l  surfaces 0.099 
Model 6 with la rge  fuselage, no elevons o r  v e r t i c a l  surfaces 0.140 
Model 6 with la rge  fuselage and elevons, no v e r t i c a l  

surfaces . . . . . . . . . . . . . . . . . . . . . . . . . 0.122 
Model 6 with l a rge  fuselage boa t ta i led ,  no elevons or  

v e r t i c a l  surfaces.  . . . . . . . . . . . . . . . . . . . . 0.099 
Model 6 with small. fuselage and elevons, o r  la rge  fuselage 

boa t t a i l ed  and elevons . . . . . . . . . . . . . . . . . . 0.081 
Model 6 with small fuselage and v e r t i c a l  surfaces  but no 

elevons . . . . . . . . . . . . . . . . . . . . . .. . . 0.095 
Model 6 with small fuselage, v e r t i c a l  surfaces, and elevons. 0.076 
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TABLE 111.- UPPER SURFACE COORDINATES OF MODEL 6 

x = 16 x = 24 x = 8  x = 12 x = 20 - 
+Y 
2.45 
2 -95 
3 J9 
3.44 
3.68 
3 -93 
4.17 
4.42 
4.54 
4.66 
4.78 
4.86 
4.91 

- 
- 

Z 

2.06 
1.89 
1.80 
1.72 
1.62 
1.49 
1.34 
1.14 
-99 
.81 
.58 
37 

0 

z +Y 
2.50 
3 .OO 

4 .OO 
4 32 
4.82 
5.12 
5.42 
5 -57 
5 -72 
5.87 
5.96 
6.02 

3 -50 

+Y 
2 .oo 
2.50 
3 .OO 

4 .OO 
4 30 
5 .OO 

3 *50 

6 .oo 
6.50 
6.75 
7 .oo 
7 .io 

- 

+Y 
2 .oo 
2.50 
3 .OO 
3 -50 
4 .oo 
4 30 
5 .OO 
5 -50 
6 .oo 
6.50 
7 .oo 

7.37 

+-Y 
2 .oo 
2.50 
3 -00 
3 -50 
4 .oo 
4.50 
5 .oo 

6 .oo 
6.50 
7 .oo 

8 .oo 
8.20 

8.44 

9.24 

5 -50 

7-50 

Z - 
2.03 
1.92 
1.80 
1.67 

1-39 
1.27 
1 .og 

- 97 
.82 
-59 
* 38 

1.50 

0 

Z 

1.82 
1.72 
1.62 
1.52 
1.42 
1.31 
1.19 
-94 
-78 
.65 
.38 

0 

Z 

1.40 
1.30 
1.18 
1.08 
e98 
.88 
.80 
-76 
-74 
-75 
-79 

Center 
of 0.8 
radius 
c i r c l e  I z = o  

0.60 
-50 
.44 
.40 
- 35 
-31 
.28 
-2.5 
.26 
-30 
-39 
* 53 
- 70 
-78 

Center o f  
o .8 radius 
c i r c l e  
z = .02 

.02 

x = 28 x = 31.46 
+Y +Y Z Z 

2 .oo 
3 .OO 

4 .OO 
4.50 
5 .OO 
5 -50 
6 .oo 
6.50 
7 .oo 
7 *50 
8 .oo 
8.50 
g .oo 

9.51 

2.50 

3 -50 

LO. 31 

-0.30 
- .30 

- .30 
- .30 
- .30 
-.30 
- .28 
- .25 
- .20 
- 12 
- -03 
-13 
.38 
.68 

Center of 
0.8 radius 
c i r c l e  

- e30 

z = .08 

.08 

2 .oo 
2 30 
3 .oo 
3 -50 
4 .OO 
4 30 
5 .OO 
5 *50 
6 .oo 
6.50 
7 .oo 

8 .oo 
8.50 
g .oo 
9 -25 

10.44 

11.24 

7 -50 

-0 -93 
- -93 
- -90 
- .88 
- .85 
- .82 
- .78 
- .74 
- .69 
- .63 
- -57 
- .49 
- .40 
- .30 
- .10 
*05 

Center of 
o .8 radius 
c i r c l e  
z = .22 

.22 
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(b) Model 5 without fuselage. A-24920 

(e )  Model 5 with large fuselage. A-24914 

Figure 4. - Concluded. 
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(b) Model 6 with large fuselage. A-24921 

A-25567 

0 ( c )  Model 6 with small fuselage and vertical surfaces; 6, = 90 . 
Figure 3 .- Concluded. 
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Model 6 with large fuselage 
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Figure 25.- The effects of configuration changes on the longitudinal aero- 
dynamic characteristics of models utilizing the large fuselage; M = 0.25, 
R = 4.4 million, p = 0'. 
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I Figure 26.- Base-pressure coefficients of several configurations; M = 0.25, 

3 5 1]*4 rLJJ$cc, p 3 00. 



Figure 27.- The e f f ec t s  of v e r t i c a l  surfaces and v e r t i c a l  surface angle on 
the longi tudinal  aerodynamic cha rac t e r i s t i c s  of  model 6 with the  small 
fuselage; M = 0.23, R = 4.4 mil l ion,  j3 = 0'. 
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Figure 28.- The effects of vertical surfaces and vertical surface angle on 
the longitudinal aerodynamic characteristics of model 6 with the large, 
-tmatta>led M = e.23, E = 4.4 rnilltzn, = 0". 

COJFIDF2JT IAL 



Figure 29.- The effects of elevon control deflection on the longitudinal 
aerodynamic characteristics of model 6 with small fuselage and vertical 
surfaces (6, = 90'); M = 0.25, R = 4.4 million, p = 0'. 
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Figure 30.- The effects of elevon control deflection on the longitudinal 
aerodynamic characteristics of model 6 with large, boattailed fuselage; 
M = 0.27, R = k=4 m i l l i e r , ,  9 = 0'. 
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Figure 33.- The e f f ec t s  of Reynolds number on the  longi tudinal  aerodynamic 
cha rac t e r i s t i c s  of model 5; M = 0.25, P = 0'. 
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Figure 34.- The effects of Reynolds number on the longitudinal aerodynamic 
characteristics of model 6 with the small fuselage and vertical surfaces 
(er = p>, r;o c le - " -m c o n t m l s ;  :"; = 0.27, p = 00. 
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Figure 35.- The effects of leading-edge roughness on the longitudinal aero- 
dynamic characteristics of model 6 with the large fuselage, no elevon 
controls; M = 0.25, R = 4.4 million, p = 0'. 
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